Whereas FSH action is critical for the growth of preantral follicles, its role in the development of primordial follicles is controversial. The objective of the present study was to evaluate whether perinatal (fetal through early postnatal) FSH action is needed for the formation of primordial follicles, which first appear in the hamster ovary on the 7th to 8th day of postnatal life. A single dose of FSH-specific polyclonal antibody was injected into pregnant hamsters on the 12th, 13th, or 14th day of gestation and into newborn hamsters. Some of the antibody-exposed postnatal hamsters were injected with a single dose of equine CG (eCG) to check the reversibility of the antibody action. Ovaries were collected on D8pn or D12pn, and the percentage of primordial, primary, and secondary follicles was quantitated morphometrically. Ovaries of 8-day-old hamsters that were born to mothers treated with a single sc dose of the anti-FSH-antibody on day 12 of gestation had significantly reduced numbers of primordial follicles, compared with those treated with preimmune serum or saline (2.4% vs. 25%); however, the antibody inhibition was nearly completely reversed (ϳ18%) by a single injection of eCG on the first day of life. Delaying antibody treatment during late gestation caused a timedependent block in granulosa cell differentiation, with a consequent proportional increase in the percentage of primordial follicles. This indicates that FSH-induction of primordial follicle development begins at a critical time of ovarian development. On the other hand, shortening the postnatal duration of eCG exposure reduced the degree of reversal, suggesting that prolonged perinatal FSH action is essential for developing the full gamut of primordial follicles. These results provide the first direct evidence that FSH action during fetal ovarian development is critical for the onset of primordial follicle formation. (Endocrinology 141: 4449 -4456, 2000) 
T HE ONSET OF differentiation of ovarian somatic cells
into granulosa cells, forming the first cohort of primordial follicles, heralds the beginning of folliculogenesis in the mammalian ovary. Follicular development in the ovary depends critically on the action of FSH, the primary gonadotropin for folliculogenesis (1) . FSH action in the ovary is restricted to granulosa cells, regardless of the state of ovarian development (2, 3) . FSH functions by interacting with its cognate G protein-coupled glycoprotein receptor, which resides in the cell membrane (3) . Factors regulating the formation of primordial follicles remain an enigma, because it requires the active participation of the oocyte and somatic cells, each of which has its share of autocrine/paracrine factors (4) . Whereas TGF-␤2 isoform has been detected in differentiating somatic cells in the perinatal hamster ovary during primordial and primary follicle formation (5) , neuropeptide Y and cAMP have been suggested to play a major role in FSH receptor induction in the neonatal rat ovary (6) . Despite the presence of an appreciable amount of FSH in the serum of perinatal rats (7), mice (8) , and hamsters (5, 9) , it is unclear whether, during perinatal ovarian morphogenesis, FSH plays any role in the onset of primordial follicle development. Recent studies have shown that an inactivating mutation of either FSH-␤-subunit gene (10) or FSH-receptor gene (11) results in cessation of follicular development beyond preantral stages in the homozygous mouse. However, a naturally occurring inactivating mutation in human FSH receptors results in significant reduction in FSH signaling, coinciding with hypoplastic ovaries containing few follicles (12) (13) (14) . Although, primordial follicles have been located in the ovaries of women with FSH-receptor mutation (12) (13) (14) , whether their number is comparable with fertile women remains unclear. Aittomaki et al. (13) have suggested that ovaries with FSH-receptor mutation may not be totally resistant to large amounts of FSH, which may induce some follicular development, particularly at the earlier stages, but normal folliculogenesis never occurs. At present, data based on genetic manipulation is virtually limited to the mouse. FSH stimulates in vitro growth of hamster primary and secondary follicles (15) (16) (17) (18) . The objective of the present study was to determine whether perinatal FSH plays any role in the differentiation of somatic cells into early granulosa cells at the onset of hamster primordial follicle development. In contrast to rats or mice, ovaries of newborn hamsters contain oocytes in the 1st meiotic prophase and scattered undifferentiated somatic cells; morphologically distinct primordial follicles are not present until 7-8 days postnatal (D7pn-D8pn) (5, 9, 19) . Therefore, the perinatal hamster ovary is an ideal model to address the inducible role of FSH in primordial folliculogenesis.
Materials and Methods
Adult golden hamsters with three consecutive estrous cycles were housed under a 14-h light, 10-h dark cycle, in climate-controlled quarters, according to United States Department of Agriculture and Institutional Animal Care and Use Committee guidelines. Moreover, the use of hamsters in this study was approved by the Institutional Animal Care and Use Committee.
Generation and determination of specificity and efficacy of polyclonal anti-FSH antibody
An anti-FSH antibody was raised in New Zealand white rabbits using ovine FSH-20 with 5% and 2% LH and TSH contamination, respectively (20) . Blood was collected, before antigen injection, for preimmune serum preparation. After a satisfactory titer was reached, the specificity of the antiserum was verified, first by an enzyme-linked immunosorbent assay using ovine-FSH-20 and ovine-LH-25, and then by Western immunoblotting and chemiluminescence (21) using 1 g each of ovine-FSH-20, ovine-LH-25, ovine PRL-19, and equine CG (eCG).
To verify the ability of the antibody to neutralize FSH action in vivo, cyclic hamsters were injected sc with 200 l of the anti-FSH-antiserum, on proestrus, at 1600 h, after the periovulatory LH surge but before the second FSH surge at 2200 h (20) ; the latter induces preantral follicle growth (15) and recruitment for ovulation (for review, see Ref. 1 ). Animals were checked the next morning for the estrous vaginal discharge and again on estrus of the next cycle; ovaries were collected and processed for morphological evaluation of follicle development. Because pure hamster FSH does not exist, the cross-reactivity of the FSH antiserum with hamster FSH was assessed by 1) competition assay; and 2) Western immunoblotting of hamster pituitary lysate. For the former protocol, [
125 I]-ovine FSH was incubated at 4 C with an optimal dilution of the antiserum in the presence of 0.1, 0.5, 1, 10, 100, and 1000 ng ovine-FSH or LH, 10, 20, 40, 80, and 100 l of serum from proestrous (day 4: 0900 h) or long-term (10 days) hypophysectomized hamsters for 20 h. The antibody-[
125 I]-FSH complex was precipitated with goat-antirabbitIgG (Jackson ImmunoResearch Laboratories, Inc., West Grove, PA) and counted in a Packard (Packard Instrument Co., Meriden, CT) autogamma counter. The results were expressed as percentage binding against the amounts of FSH or volume of serum. For Western immunoblotting of hamster pituitary FSH, fresh pituitary glands were obtained from proestrous (D4: 0900 h) hamsters and were homogenized in ice-cold 1ϫ RIPA buffer [PBS (pH 7.4), 0.1% SDS, 1% NP-40, and 0.5% deoxycholate] containing a protease inhibitor cocktail (Sigma, St. Louis, MO). After 30 min on ice, the mixture was centrifuged for 20 min at 12,000 rpm in a refrigerated IEC microfuge, the protein content of the supernatant was determined by the BCA protein assay kit (Pierce Chemical Co., Rockford, IL), and 40 g of hamster pituitary protein was electrophoresed under a reducing condition, transferred to a nitrocellulose membrane, and probed with the FSH-antiserum, as described previously (21) . Positive controls were 0.25 and 0.5 g of ovine-FSH-20.
Determination of the optimal window of FSH action during primordial folliculogenesis
Hamsters were mated on proestrous evening, and the presence of sperm in the vagina next morning was considered as day 1 of gestation (1DG). Pregnant hamsters were injected sc with 200 l anti-FSH-serum either on 12DG, 13DG, or 14DG; or pups were injected sc with 20 l of the antiserum on D1pn. Some animals received preimmune serum or saline as controls. On D8pn, pups were anesthetized with nembutal, blood was collected for FSH RIA, and ovaries were saved for morphometric quantitation of primordial and primary follicle development.
Based on the results, in the next experiment, the antiserum was injected into pregnant hamsters on 10DG. Because ovarian structures consisting of germ cells and somatic cells are present by day 12 of fetal life, the objective was to deprive somatic cells of any FSH action during ovary formation so that primordial follicle formation could be stopped completely. Ovaries were collected on D8pn, and follicle development was quantitated morphometrically.
Determination of the presence of functional FSH receptor in fetal hamster ovaries

Because [
125 I]-FSH autoradiography is inconclusive for fetal ovaries and RRA is often not feasible because of limited ovarian materials, production of cAMP, in response to FSH in vitro, was assessed, following (with modification) a protocol described by Sokka and Huhtaniemi (22) . Ovaries were collected from 13-day-old fetal hamsters and were cultured in 0.5 ml DMEM, as described previously (23) , in the presence of 0.5 mm methylisobutylxanthine (MIX, Calbiochem, San Diego, CA) and in the presence or absence of 50 ng/ml ovine-FSH-19 (NIH) or 50 m forskolin (Calbiochem, San Diego, CA) for 24 h. After termination, the medium was placed in a boiling water bath for 5 min, clarified by centrifugation, and stored at Ϫ80 C for cAMP RIA.
eCG reversal of the antibody inhibition of primordial follicle development
To determine whether the effect of the antiserum was attributable to the inactivation of endogenous FSH or antibody-mediated toxicity, pregnant hamsters received 200 l antiserum on 12DG, and pups received an sc injection of 20 IU eCG (Sigma) or saline on D1pn; ovaries were collected on D8pn for follicular morphometry. The rationale for using eCG was 1) its longer half-life; 2) no cross-reactivity with the anti-FSHantiserum; and 3) binding to the FSH receptor and induction of FSH-like activity in the hamster (24) .
To determine the time-course of eCG rescue of primordial follicle formation, pregnant females were injected with 200 l of the anti-FSHantiserum on 12DG, and pups received 20 IU eCG either on D1, D4, or D6pn, with ovaries retrieved on D8pn.
Reversibility of the antiserum inhibition by endogenous FSH
Whether inactivation of FSH during pregnancy delays primordial follicle development or makes the ovary refractory to subsequent FSH signaling was determined by injecting pregnant hamsters with 200 l of the antiserum sc on 12DG or 13DG and ovaries collected on D12pn, at a time when ovaries of untreated hamsters contain primordial through secondary follicles with 4 layers of granulosa cells (5) .
Morphometric quantitation of primordial, primary, and secondary follicle development
The percentage of follicles in different stages of development was assessed from 2-m-thick hematoxylin and eosin-stained plastic sections, under 650ϫ magnification, using the Image Pro Plus image analysis software (Media Cybernetics, Silver Spring, MD). Because primordial oocytes (i.e. oocytes in clusters and without any somatic cell partners) dominate the ovaries of 8-day-old hamsters (5, 19) , the total number of oocytes with nucleolus, regardless of their follicular association, was counted in a given optical field. Next, the number of follicles, at various stages, corresponding to those oocytes was determined. The fields were chosen at random from the entire ovary, and 250 or more oocytes for each ovary were counted. The proportion of follicles in an ovary was then expressed as percentage of oocytes. An oocyte surrounded by the cytoplasmic processes of at least one flattened parenchymal cell was considered a primordial follicle, whereas a primary follicle was defined as one surrounded by a complete layer of parenchymal cells, of which the majority were cuboidal. Primordial follicles were identified by a double-blind screening of coded slides, and the code was revealed after completion of follicle counting.
Determination of serum levels of FSH and rabbit IgG
Sera from anti-FSH-serum-exposed animals were treated overnight with protein A-agarose with a binding capacity of Ն19 mg IgG/ml to remove any trace of the antibody and were used for FSH RIA using [ 125 I]-rat FSH, rat FSH standards, and antirat FSH serum (NIH, Ref. 25) .
Whether the antibody entered fetal blood was evaluated by injecting 200 l anti-FSH serum into pregnant females, on 12DG, and the presence of rabbit IgG in the serum of 1-day-old hamsters was detected by Western immunoblotting (21) . The stability of FSH-antiserum in the plasma of postnatal hamsters was evaluated by immunodetection of rabbit IgG in the sera of 8-day-old pups that received the antiserum either on 12DG or D1pn.
Determination of cAMP
cAMP was determined by using an RIA kit (Biomedical Research Instruments, Inc., Stoughton, MA) with a sensitivity of 0.05 pmol cAMP after acetylation. The data were presented as pmol cAMP per ml medium per 24 h.
Data analysis
Morphometric evaluation of folliculogenesis was done on at least 3 ovaries, which were collected from 3 different pups born to different mothers. Moreover, 250 or more oocytes from each ovary were counted to determine the percentage of follicles at each size class. Follicles were classified (26) as follows: stage 0, primordial follicles with 1 or more flattened parenchymal cells; stage 1, primary follicles with unlaminar granulosa cells, of which the majority were cuboidal; stage 2, secondary follicles with 2 layers of granulosa cells; stage 3, secondary follicles with 3 layers of granulosa cells; and stage 4, secondary follicles with 4 layers of granulosa cells. All data were analyzed by 2-way ANOVA and Scheffé's test with 5% level of significance.
Results
The polyclonal FSH antiserum detected a 40-kDa and a 29-kDa protein in ovine FSH preparation (Fig. 1) , under a nonreducing condition, and cross-reacted with an approximately 23-kDa protein in ovine FSH preparation and in hamster pituitary lysate under a reducing condition (Fig. 2] ) The electrophoretic pattern of FSH corresponded well with that provided by the NIH. Moreover, [
125 I]-ovine FSH binding to the antiserum was inhibited by proestrous hamster serum but not by the serum from long-term hypophysectomized hamsters or LH (Fig. 3) . The antiserum also completely blocked antral follicle development in adult cyclic hamsters when administered before the second FSH peak (Fig. 4, A and B).
Antiserum inhibition of primordial follicle formation
That FSH-antiserum entered the fetal circulation was evident by the presence of rabbit IgG in15-day-old fetal hamster serum (Fig. 5) ; however, only a trace amount of rabbit IgG was present by D5pn when the antiserum was injected on 12DG (data not shown). The antiserum did not interfere with the gestation period, delivery time, placental weight, litter size, or litter weight. Moreover, the pups showed normal phenotype, milk intake, and postpartum weight gain, indicating that antiserum did not induce any adverse change in the phenotype that could be construed as a potential cause of retarded ovary development. No significant difference in the ovarian weight was noted between the control and antiserum-exposed pups by day D8pn (data not shown).
Eight-day-old ovaries from pups exposed to preimmune serum or saline on 12DG contained 24.8% primordial and 1.2% early primary follicles (Figs. 6A and 7) , which was similar to untreated controls. However, antiserum exposure on 12DG dramatically reduced the proportion of primordial follicles to 2.4% and completely blocked primary follicle formation (Figs. 6B and 7) . No further reduction in the proportion of primordial follicles was noted when the antiserum was injected on 10DG (data not shown). A gradual increase in primordial follicle formation was noted when the antiserum treatment was delayed to 13DG or 14DG (Fig. 7) , but the values were still significantly lower than controls. No further improvement was noted when the antiserum was injected on D1pn. However, a small percentage of primary follicles developed (Fig. 7) , suggesting that FSH-dependent morphogenesis of primordial follicles continues after birth, but the onset of FSH signaling may occur around 12DG.
Serum levels of FSH were 11 Ϯ 1 ng/ml in 8-day-old control female hamsters (Fig. 8) , thus corroborating previous findings (5, 9). FSH levels were significantly (P Ͻ 0.05) low in 8-day-old hamsters exposed to the antiserum on 12DG; however, no FSH was detected when the antiserum was injected on D1pn (Fig. 8) . FSH levels reached normal values (9 Ϯ1 ng/ml) by D12pn after the antiserum exposure on 12DG, indicating a gradual reversal of the availability of endogenous FSH (hence, its action). Conversely, rabbit IgG was detectable in pups receiving the antiserum postnatally.
In vitro production of cAMP by fetal hamster ovaries
Fetal hamster ovaries were capable of producing baseline levels of cAMP in vitro in the presence of MIX (Fig. 9) . cAMP production increased more than 2-fold (P Ͻ 0.05) in response to FSH and more than 4-fold (P Ͻ 0.05) in response to forskolin ( fig. 9) .
Reversal of the antiserum inhibition of primordial folliculogenesis by eCG or endogenous FSH
Administration of eCG, on D1pn, to pups exposed to antiserum on 12DG not only reversed the formation of primordial follicles to nearly control levels but also induced a small proportion of primary follicles (Figs. 6C and 10 ). The efficacy of eCG, however, declined significantly as the treatment was delayed by 4 or 6 days (Fig. 10) , suggesting that primordial folliculogenesis is a relatively long FSH-dependent process.
The presence of increasing amounts of FSH by D8pn and D12pn in pups exposed to the antiserum on 12DG correlated with increased development of primordial and primary follicles by D12pn (Fig. 11) . In fact, the rate of primordial-toprimary follicle transition seemed to have accelerated, because there was no difference in the percentage of primary follicles between the control and antiserum-exposed pups despite a significantly lower percentage of primordial follicle development (Fig. 11) . However, the percentage of stages 2
FIG. 4. Photomicrographs of hamster ovaries at estrous (D1: 0900 h)
after an sc injection of (A) preimmune rabbit serum or (B) anti-FSHserum at proestrous (D4: 1600 h) of the previous estrous cycle. The occurrence of normal cyclicity and ovulation in serum-treated animals was evident by the presence of distinct corpora lutea (CL), nonovulated antral follicles (UF), and preantral follicles at stages 4 (S4), 5 (S5), and 6 (S6); however, no antral follicle or CL was present in the antibody-treated hamsters. PGs, Pyknotic granulosa cells; APF, atretic preantral follicle; aS5 and aS6, atretic S5 and S6, respectively; magnification, ϫ50.
FIG. 5.
Chemiluminescence detection of rabbit IgG in 1-day-old hamster serum after an sc injection of FSH antiserum to pregnant females on 12DG. The presence of rabbit IgG in the hamster serum indicates that a considerable amount of FSH-antiserum enters the fetal circulation when injected into the mother. The blot was probed with a goat-antirabbit-IgG, which was preabsorbed with rat, mouse, hamster, bovine, and human IgG to further increase the specificity. Further, no signal was obtained when untreated hamster serum was probed with the antibody (lane 3). Lane 1, 2 l serum from 1-day-old hamsters exposed to FSH-antiserum in utero; lane 2, 0.1 l anti-FSH serum (rabbit serum); lane 3, 5 l serum from untreated 1-day-old hamsters. and 3 follicles (2 and 3 layers of granulosa cells, respectively) was significantly lower than in controls, and stage 4 follicles were completely absent (Fig. 11) . This indicated that antiserum did not affect FSH receptors, given that eCG was able to function. Therefore, when clearance and degradation adequately reduced the serum antibody titer around D8pn (only a trace amount of rabbit IgG was present by D5pn), functional FSH levels began to increase, resulting in a compensatory induction of primordial follicles by D12pn and the formation of primary follicles. The delay in folliculogenesis beyond the primordial stage was more pronounced when the antiserum was administered on 13DG (Fig. 11) .
Discussion
These results provide the first direct evidence that FSH is essential for somatic cell differentiation into early granulosa cells during the onset of primordial follicle development, at least in the hamster. The results also indicate that the initiation of critical FSH-mediated changes may occur between a window of 10DG and 12DG, but the process of somatic cell differentiation into granulosa cells continues during early postnatal life of the hamster. Moreover, inactivating FSH during the critical period delays the onset of primordial follicle formation (hence, subsequent folliculogenesis). FSH regulation of granulosa cell function requires the presence of functional FSH receptor and FSH ligand (27) . Consistently detectable amounts of FSH are present in neonatal mice (28) and hamsters (5, 9) . Moreover, FSH receptor messenger RNA (mRNA) corresponding to exons 1-10 and functional FSH receptors first appear at 5 days of age in the rat (29) and mouse (30) . In contrast, a complementary DNA corresponding to full-length FSH receptor mRNA has been detected in the hamster fetus as early as 13DG (S. K. Roy, unpublished). That FSH mRNA is translated into functional FSH receptor protein in the fetal hamster ovary is evident by the production of cAMP in response to FSH in vitro. Moreover, ovarian response to forskolin also suggests that active adenylate cyclase has developed in ovarian somatic cells as early as 13 days of fetal life. Sokka and Huhtaniemi (22) have shown that neonatal rat ovaries can produce significantly more cAMP in response to 30 g/ml human FSH than untreated controls as early as 4 days of postnatal life, but 17-day-old fetal ovary can respond to cholera toxin in terms of cAMP production. The difference in ovarian response to FSH between rats and hamster can be attributed to species difference. Nevertheless, these lines of evidence suggest that FSH modulation of follicular development occurs at early perinatal period.
Lack of FSH (8) by an inactivating mutation of either FSH-␤-subunit gene (10) or FSH-receptor gene (11) blocks preantral-to-antral follicle transition in homozygous mice, and genetic inactivation of growth differentiation factor-9 results in follicular arrest beyond the late primary stage (31) . Because none of these studies has quantified primordial or primary follicle development, the results do not fully address the importance of FSH in primordial follicle development. It is likely that silencing the FSH gene in the mouse may activate other FSH-mediated compensatory mechanism(s), which induce follicular morphogenesis. In fact, overexpression of cyclin D2, a granulosa cell-specific mitotic cyclin (32) , has been reported in FSH receptor knockout mice (11) . Nevertheless, women with inactivating mutation in the extra- cellular domain of the FSH receptor have streak gonads (12) (13) (14) with few follicles. Although primordial follicles have been identified in ovaries with inactivating FSH-receptor mutation, it is unclear whether their number matches normal ovaries. Aittomaki et al. (12) have further documented that the mutation responsible for the development of hypoplastic ovaries in women occurs at the extracellular domain of the receptor and leads to reduced hormone binding and cAMP production capacity without affecting the affinity (12) . These lines of evidence clearly indicate that a low, but residual, FSH-receptor activity may persist in the ovaries of women with FSH-receptor mutation, which can provide adequate signal for primordial follicle development. The development of a few primordial follicles in 8-day-old hamsters, after gestational exposure to the FSH-antiserum, confirms that low FSH activity may be adequate for the initiation of primordial follicle formation, but a prolonged FSH action is needed for the development of a full cohort of primordial follicles.
The inhibition of primordial follicle formation by the anti-FSH serum given during the critical window of FSH action on the fetal ovary, and its reversal by eCG, suggests that perinatal FSH plays an important role in the onset of somatic cell differentiation into granulosa cells, which is essential for the development of the very first cohort of primordial follicles. Moreover, FSH action seems to begin long before primordial follicles appear, i.e. by D7pn-D8pn of postnatal life. This notion is supported by the development of approximately 2.4% primordial follicles in pups exposed to the antiserum on 12DG. It is likely that only a few somatic cells are capable of processing the FSH signal by 12DG; and once committed, they differentiate into granulosa cells to form primordial follicles despite a subsequent block in FSH action. This is further evident by the progressive increase in primordial follicle development when antiserum treatment is delayed.
The failure to develop a full cohort of primordial follicles by D8pn, even when the antiserum treatment was delayed until D1pn, suggests that sustained FSH signaling is essential until all presumptive granulosa cells are differentiated and become associated with the oocyte to constitute the finite pool of primordial follicles. Interruption of FSH action, at anytime during this period, blocks further cell differentiation while cells that have already received FSH stimulus undergo differentiation, resulting in a final low number of primordial follicles. The presence of serum FSH in 8-day-old hamsters exposed to the antiserum on 12DG correlates with the decline in serum antiserum concentration and suggests that antiserum-induced inactivation of FSH is a reversible process. The temporal eCG action in reversing the antiserum inhibition supports this contention. Moreover, eCG reversal also indicates that the antiserum inhibition is specifically caused by inactivation of endogenous FSH and not a nonspecific antibody-mediated toxicity. This is further evident from the failure of the preimmune rabbit serum to block primordial follicle formation. Because LH-receptors do not appear in the hamster ovary before 15 days of age (33) , eCG effect cannot be attributed to any inherent LH-like activity.
It seems that FSH-mediated differentiation of somatic cells into granulosa cells is a slow process, spanning through several days of the perinatal period (i.e. late prenatal through early postnatal) and can be halted at any time during this period without any permanent adverse consequence. Therefore, no differentiation induction may occur when FSH action is blocked on 10DG but will resume when FSH is available; and consequently, some primordial follicles will be formed by D8pn. On the other hand, if the initiation of FSH-mediated signaling occurs by 12DG, as evident in the present study, some cells will differentiate before the antibody, given on 12DG, completely neutralizes serum FSH and will form some primordial follicles by D8pn. This mechanism may explain why the development of primordial follicles cannot be blocked completely, even when the antiserum is injected before 12DG. The degree of initial differentiation (hence, the percentage of primordial follicles developed) by D8pn will depend on the timing of initiation of FSH inactivation.
A rapid induction of primordial follicles within 4 days after D8pn in gestationally antiserum-exposed hamsters suggests the possibility that 1) FSH availability increases after D8pn; and 2) somatic cell responsiveness to FSH heightens because of the increased presence of FSH receptors. Serum FSH levels in postnatal hamsters start to increase after D9pn (5, 9), and serum FSH levels are closer to the untreated values by D12pn in hamsters exposed to the antiserum on 12DG. If the antiserum inactivates FSH, a possible reduction in FSHinduced receptor down-regulation is likely, which may subsequently accelerate the process of differentiation. Because the presence of functional FSH receptors is a prerequisite for FSH action, factors inducing FSH receptors must work in conjunction with FSH for granulosa cell differentiation. Mayerhofer et al. (6) have suggested that cAMP inducers, such as vasoactive intestinal peptide, may be responsible for FSH receptor induction in neonatal rat ovary. Whether such a mechanism exists in the hamster needs further evaluation; however, the production of cAMP in response to FSH in vitro has been demonstrated in the present study. 
